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A variant of the initially proposed magnetohydroelectric theory that may bring the theory within the 
realm of experimental verifiability and practical applicability is suggested. 


In recent publications! we have outlined the theoret- 
ical basis of hydromagnetic interaction in a fluid dielec- 
tric in the presence of a steady magnetic field B). This 
interaction was briefly termed magnetohydroelectric 
interaction, It was found that a theoretical development 
somewhat similar to the subject of magnetohydrodynam ~ 
ics is possible in this case. However, the values that 
the various physical parameters would have to have in 
order to make the magnetohydroelectric interaction ob- 
servable appeared to be unrealistic in view of present- 
day technology. It was found, for instance, that the in- 
teraction becomes dominant (i.e., the electromagnetic 
energy and the kinetic energy of the fluid become com- 
parable) when 


Y= ye,Bi/p > 1, (1) 


where y and p are the dielectric polarizability and the 
density of the fluid, and €) is the permittivity of free 
space. It immediately becomes obvious that the field 
By has to be unrealistically large in order to realize 
this condition. If this condition is not satisfied, only a 
small fraction of the electromagnetic energy couples 
into the fluid motion. Thus, the practical applicability 
of the proposed theory becomes questionable. We show, 
however, that with a slight modification of the basic 
assumptions in the theory, it is possible to couple ar- 
bitrary amounts of electromagnetic energy into the fluid 
motion even under the condition Y «1, 


The magnetohydroelectric volume force on a fluid is 
F=-J*B+p,E, (2) 


where J is the electric current measured in the labora- 
tory frame, p, is the electric space charge density in 
the fluid, E is the electric field in the laboratory frame, 
and B is the ambient magnetic field. If the fluid velo- 
city u is much smaller than the velocity of light, then 
the current J may be obtained from the following rela~ 
tions*: 


J=J' t+p.u, (3) 
, ck’ 

J'=X€0 By > (4) 
E’=-E+uX*B, (5) 
) a 

baer — aE, : 6 
ay oe Te Vv); (6) 


where the primed quantities are those measured in the 
frame of the moving fluid. From these relations we ob~ 
tain 


s=x0(E +2 (xB) + (uve +uxB)) +pu. (7) 
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Simple estimates now show that the force F becomes 
appreciable only at high frequency electric fields, but 
at these high frequencies the time scale is too short for 
the bulk fluid to move through macroscopic distances. 
Since the time average force on the fluid vanishes, the 
bulk fluid remains stationary. The only effect is a me- 
chanical “jitter” of the molecules at a microscopic lev- 
el at a frequency equal to the frequency w of the electric 
field. Unless Y >> 1, the fraction of the electromagnetic 
energy coupled into this jitter is very small. 


Now consider a simplified experimental configuration 
as follows: Suppose the fluid is placed between the two 
conductors of a cylindrical capacitor (consisting of a 
hollow cylinder and a coaxial conducting wire or rod). 
An oscillating electric field E is applied between the two 
conductors, and an oscillating axial magnetic field B is 
applied by means of a solenoid wrapped around the cyl- 
inder, The resulting force F and the velocity u would 
then be in the toroidal direction (i.e., the ¢ direction of 
cylindrical coordinates). Note that with the geometry of 
the experiment the (u*V) term vanishes, and the force 
component arising from p, is radially directed so that 
it merely creates a stress in the fluid. The electric 
field arising from the time varying magnetic field is 
toroidal, and does not affect our discussion. Suppose 
next that the fields E and B are synchronized such that 


E=E,Sinuwt , (8) 
B=B,coswt. (9) 


The net motive force on the fluid in the ¢ direction is 
then 


F =yeq(E)Byw cos’wt + Blu cos’wt - 3 Biuwsin2wt). (10) 
Setting F =pu, we have 
. _ (YEq/By)w cos’wt -(Y/2)uw sindwt 


1-Y cos‘wt 


The ratio of the amptitude of the first term to that of 
the second in the numerator of the right-hand side is 
2E,/uB,. Clearly then, as long as u remains substan- 
tially smaller than 2E,/B), uw is positive. This means 
that the fluid experiences a unidirectional volume force, 
the time average value of which is (with Y «1) 


(F) =(pwE/2By)Y . 


By a proper choice of parameters, this force can be 
made large enough to produce observable motion of the 
bulk fluid. Consider, for example, the case of chemi- 
cally pure water (x =80, with the imaginary part of x 
being negligible at MHz frequencies). Let w=21~x 10° 
(a frequency of 1 MHz), B,=1 Wb m™? (=10*G), and£, 
=108 vm"! These lead to (F) =2.2 x 10? newton m™*, or 


(12) 
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an acceleration that is about 2% of the acceleration due 
to gravity. This should be sufficient to set the fluid in 
motion even against viscous forces which we have not 
considered in this simple analysis. Note that our as- 
sumption of the neglect of the sin2wt term in Eq. (11) 
remains valid here as long as «<< 2x 10° msec”. If, 
and when, uw attains this value, this term will come into 
play and the nature of the interaction will become com- 
plicated. Note also that the rotational bulk motion of 
the fluid in the cylinder will be accompanied by molec- 
ular jitters at the frequencies w and 2w. While the 
fraction of the electromagnetic energy coupled into the 
jitter is much Smaller than unity, the ratio of the ener- 
gy density of bulk motion to that in the electric field 
could, in principle, be arbitrarily large. Note lastly 
that oscillatory motion of the bulk fluid at some fre- 
quency w;(<<w) can be produced by simply reversing the 
polarity of the fields described in Eqs. (8) and (9) at this 
frequency synchronously. 


Here, we have essentially outlined a simple thought 
experiment. Performing the actual experiment would 
entail a number of additional considerations. From our 
initial consideration, the suggested effect appears to be 
demonstrable, If so, one could imagine a number of 
practical applications of the effect of alternating field 
synchronous magnetohydroelectrics. The essence of 
such an application would consist in the capability of 
accelerating dielectric fluids to high velocities depen- 
dent on their dielectric constants, while the molecular 
dipoles undergo oscillations at the frequency of the ap- 
plied electric field and its harmonic. 
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Solitary Alfvén waves with small but finite 8 have been studied by Yu and Shukla [Phys. Fluids 21, 1457 
(1978)]. A more rigorous study is made and conditions for uniqueness are established. 


For Alfvén waves propagating in a plasma, Yu and 
Shukla’ have obtained the following equation: 


1fan\? 

(2) +n(n)=0, (1) 
where 7 is of the form 

n=K,x+K,y - Vt (2) 


such that K,, K,, and Vare constants, and x=n(y) =n, 
=n,, where n,; is the ion density and n, is the electron 
density. (x) is defined by 





2 
u(n)=~ K3p"[ Alm ~ Bln 1) + 8" = +daal, 


A=1+a+8/2a, a=M%/KZ, B=A+p/2-1, (3) 
M=V/V,, B=2C,/V,, 


where C, is the speed of sound, V, is the Alfvén veloci- 
ty, M, is the Mach number, and T is the electron tem- 
perature, 


In the model considered by Yu and Shukla,’ the wave 
is localized, i.e., the change in the density n caused by 
the wave vanishes as 7 ++ %™, i.e., 


an 


n=1, an 


=0 at n=1, 


Extreme changes in the density n (from the unper- 
turbed value of 1) occur at some value of 7, say No» 
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where 


on 
a(n )d=N, =0. (4) 
> 8ntn =N9 
If the wave constitutes a density maximum, then N>1 
and, if the wave constitutes a density minimum, then 
N<l, 


From (i)~(4) 


m(1)=u(1)=0, (5) 
and 

m(N) =u(N)=0. (6) 
Also, 

n(n) <0 (7) 


or equivalently u(x) 2 0 for 1<n< N when N>1 and for 
Nsn<1 when N<1. 


However, Yu and Shukla’ have checked the validity of 
(7) only inthe neighborhood of n=1 and n= WN and not in 
the entire domain between n=1 and =N, Moreover, 
although Eq. (5) has been noted by Yu and Shukla,' they 
have not ascertained under what conditions it will have 
unique solutions for N. Thus, it appears that a more 
rigorous study will be worthwhile. 


We are studying solutions of (1), subject to (2) and (3) and 
satisfying (5)—(7). Tothis end, weobtainfrom (2): 
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